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348 CALCULATIONS for 

N°. XLI. 

Calculations relating to Grift and Saw Mills, for determin- 
ing the quantity of Water neceffary to produce the dejired 
effete" when the Head and Fall are given in order to a/cer- 
tain the dimenjions of a new invented Steam Engine, in- 
tended to give motion to Water-wheels in places where 
there is no Fall, and but a very /mall Stream or Spring. 
By John Nancarrow. 
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LEMENTS ufed in the following calculations, 
fo far as they relate to works moved by water- 
wheels : 
i . let h = mean height of the head of water in the penftock. 

2. a = the area of the aperture or gateway. 

3. q = 6.1 28 = the number of ale gallons in a cubic foot. 

4. s = 16 feet,=: the fpace a heavy body falls from reft in one 

fecond. 

5. 2j= the uniform velocity acquired by falling 16 feet from 

reft. 

6. 2\/hsy or S^/h= the uniform velocity acquired by fall- 

ing from reft any depth = h. 

7. Saq^/h, the number of ale gallons iffuing through any 

aperture a in one fecond, and %aqt^/b = the quantity 
in t feconds. 

8. Ka^/h— the number of cubic feet flowing through a in 

one fecond, and Sat^/hzz the number of cubic feet 
in * feconds. 

9. w=62.5 pounds avoirdupoife,= the weight of a cubic foot 

of water, and io.albs.:=the weight of an ale gallon. 

10. haw— the weight of any column of water. 

/ h 

11. ^— = t = the time of falling from an height = h. 

12. D — — is the common practical rule for finding the mean 

height of the head of water when the aperture is 
vertical and re&angular where D reprefents the depth 

of 
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of water in the penftock, and d the height of the gateway, 
and is only an approximation, though very near the truth j 
the genuine method derived from the parabola is as follows : 

Let ABCD Fig. 1. reprefent a large ciftern or penftock, and 
MKLN an orifice made in one o( its fides. 

When the upper edge of the gateway, as KL is below the 
furface of the water in the penftock, the fum of all the velo- 
cities or fheets of water which flow through it, being expreffed 
by the elements of the fegment of a parabola FHIG, there will 
be found amongft them a mean ordinate OT, which being mul- 
tiplied by the height HP, will give a produft equal to the area, 
of this fegment. Now, in order to determine the mean height 
EO, let EP=<*,EH=£, HP=<r, and the mean height EO=#. 
The fum of all the velocities, or the area of the parabola EPG- 

will be ~<ya y and the fum of all the velocities acquired by 
3 

falling from E to H = — ^/B ; confequently — y/a y/ b 

3 . 3 3 

will give the fum of all the velocities which flow through the 

orifice MKLN, which is equal to the parabolic fegment HPIG, 
or to the product of the mean velocity v/EO (#) by the height 

HP (<r), henee we have — a ^/a — i- ^/b = c^/x, which equation 

3 3 ,— 

being reduced wul give j?=-X — ! — : — . 

q cc 

EXAMPLE. 

If the height EP (a) be = 8 feet, EH (b) = 6 feet t then 
will HP or c zz 2 feet ; and by fubftituting thefe numbers for 
their refpe&ive values in the above equation, x will be found rr 
6.99 feet- 

By the common practical rule, (fee article 12,) D — - 

~ = h zz x, where B=.8 and dzz 2 j confequently h zz 7 feet, 

whence it appears that a — - = D is fufEciently exaft for 

2 2. 

alL common purpofes- 

la 
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In the foregoing elements (fee art. 4 and 5.) I have fuppofed 
the fpace which a heavy body dsfcribes by falling from reft in 
one fecond of time to be 16 inftead of 1 6 A feet, and the 
uniform velocity acquired by fuch fall = 32 feet ; whereas every 
author which I have read, (even on the fubjeft of hydraulics^ 
makes it 32J feet, without allowing for the friftion the water 
is fubje&ed to in its paffage through the aperture or gateway, 
or for the refiftence it meets with by its fudden impulfe againft 
the air, immediately on its leaving the penftock. It evidently 
follows that the uniform velocity mull be diminifhed on both thefe 
accounts : hence we may fafely conclude, that a uniform velocity 
of 32 feet in one fecond, will be found to coincide with an 
experimental proof, nearer than that of 32! feet in the fame 
time. 

Before the dimenfions of the fleam engine can be afcertained, 
it is effentially neceffary to know what quantity of water it mull 
deliver into the penftock in a given time, in order that the 
power or force by which the water-wheel is moved, may be 
at leafl adequate to the purpofe intended. Several grift and 
faw-mills have been examined with this view, and fuch meafure- 
ments carefully taken as were thought neceffary for determining 
the powers by which they are moved. Amongft thefe we have 
iele&ed John Beydler's grift and faw-mills, and a faw-mill Be- 
longing to Chriilopher Kcygcr, both in the county of Berks and 
ftate of Pennfylvania. 

Calculation of the power applied to Beydler's grist-mill, either for 
one or two pair of stones, each being \\feet in diameter, and 
that of 'the water-wheel 16 feet ; the top of which is nearly on 
a level with the bottom of the penstock, and grinds from 50/0 
60 bufhels of wheat in 12 hours, with a Jingle pair of stones. 

The head or depth of water from its furface to the bottom 
of the penftock for working one pair of ftones =22 inches. 

The gateway or aperture a is 30 inches wide by it inch 
deep = 45 inches = 0.3125 parts of a fquare foot. 

Mean height of the head, or D — h (art. 12.) = 2U 

2 
inches =r 1.77 feet. 

By art. 7th we have Saq^/h = the number of ale gallons 
iffuing through any aperture a in one fecond, = 8X0.3125X 

' 6.128 
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6.128X1.33 (\/hi) = 20.38 gallons of water flowing through 
the gateway in one fecond of time. The number of cubic feet 
which iflue through this aperture in the fame time = 8a^/h 
(art. 8. J =8X0.3125X1.33 =3.325. which being multiplied 
by 62.5 pounds, the weight of a cubic foot of water, gives 
207.8 lbs. for the whole preflure on the upper part of the 
wheel during the fpace of one fecond ; but the inftantaneous 
preflure, or force of impaft, where the water firft ftrikes the 
wheel, is haw (art. 10.) = 1.77X0.3125X62.5 = 34.57 pounds ; 
alfo 8 s /h=ihe uniform velocity acquired at a the aperture in 
a fecond, = 10.64 f eet » 

When this mill drives two pair of ftones, the gate is raifed an 
half inch higher ; h being in this cafe = 1.75 and ^/h = 1.323 
feet, by which means a becomes = 30 X 2 or 60 fquare inches, = 
0.417 parts of a fquare foot. The other meafurements remain- 
ing the fame as above, we fhall have 

Saq^/h = 27 gallons per fecond, 

8 a^/h = 4.414 cubic feet per do. 

haw = 46.5 pounds for the force of impact, 
and %^/h = 10.584 feet for the uniform velocity per fecond. 
In Emerfon's Mechanics, and Fletcher's Univerfal Meafurer 
and Mechanic, the uniform velocity acquired by falling from an 
height = h, is denoted by >/a.hs inftead of 2\/hs, which is the 
true meafure of its celerity. This circumftance is not mention- 
ed with the leaft view to find fault with thefe authors, but to 
remove any doubts which may arife in the minds of fuch as are 
difpofed to perufe thefe calculations. 

BETDLER's SAW-MILL. 

This mill has a fmall underfliot wheel, commonly called a flut- 
ter wheel, which is no more than 3 feet in diameter. The depth 
of the water from its furface to the bottom of the penftock is 
3 feet, the gateway is 3 feet wide by 6 inches deep, = 1.5 

fquare foot, the mean height of the head or I>— _ = 2.75 feet 

2 

= h, and ^/h = 1.658. The fall from the bottom of the penftock 

to the place where the water impinges on the float or ladle-board 

is io feet, and 2.75+1 1 = 13.75, being equal to the whole 

height 
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height of the column of water which propels this wheel. Now 
by art. 7. we have 8 aqVh = the quantity of water which 
flows through the gateway in one fecond, = 8x6.1 28X1. 5 X 
1.658 = 121.92 gallons. Again, haw = 2.75X1.5X62.5 = 
257.8 pounds, which is equal to the weight of the column 
preffing againfl: the aperture ; alfo 8Vh = 13.264 feet, the 
uniform velocity of the water every fecond as it iffues through 
the gateway. 

In order to find the force of impaft on the wheel, we muft, 
in the firft place determine (what may be called) the initial weight 
of the water, or that with which it may be fuppofed to begin 
to prefs at its furface in the penftock, viz. by dividing the mo- 
mentum by the uniform velocity ; but haw = 257.8 is the mo- 
mentum at the aperture or gateway, and 13.264= the uniform 

velocity : therefore — i£ — = 19.406 lbs. = W, the initial 
13.264 

weight required == — — = - jh ; cortfequently 8 W */h will 
ova 8 

exprefs the force of impact fought, h being now = 13.75 and 
a//j = 3.7o8; hence 8W<//&= 8X19.406X3.708 = 575.66 pounds 
for the conftant impelling force on the ladle-board ; but 575-66 

= ban, and a = ^4^- = —$15^1— ~ 0.67 parts of afquare 
b*> 13.75X62.5 

foot. To prove the truth of the ahove method for finding the 
force of impact, we need only try whether ^aqVh (where h — 
13.75 and a = 0.67) will produce the fame number of gallons as 
that before found, viz. 121.9 in one fecond. In the prefent 
cafe 8#g'v'/& = 8X0.67x6. 1 28X3.708 = 12 1.8 being nearly the 
fame as found above, and is a fufEcient proof that the force of 
impaft where the water impinges on the wheel is rightly deter- 
mined. 

KEYGER's SAW-MILL. 

This faw-mill is over-fhot, the wheel is feet diameter, the 
penftock is 6 feet in depth by 4 feet wide, and when I faw it at 
work, there were only 4 feet and 1 -4th inch of water in the 
ciftern, although the faw moved at the rate of 120 ftrokes in a 
minute, whilft it paffed through a piece of oak at leall 1 2 inches 

deep* 
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deep, and the gateway no more than half an inch high. Hence 
h = 4, and s /h = 2 feet. The aperture a = 24X0.5 = 12 = 
0.0833 P arts of a fquare foot ; wherefore ZaqVh— 8X0.0833 
X6. 128X2 = 8.2 gallons which falls on the wheel in the fpace 
of one fecond, 8aX / b= 8X0.0833X2 = 1.32 cubic feet in the 
fame time, and 8^h = 16 feet, the uniform velocity per fecond, 
as the water leaves the aperture; alfo haw =4X0.0833x62.5 
= 20.8 pounds for the force of impact where the water firft en- 
ters on the wheel. When this mill is fupplied with a 6 feet head, 
and the gate drawn up one inch, the faw makes 1 80 ftrokes in a 
minute through an oak log 1 8 inches deep. We have now h = 
6, Vh= 2.45 feet, and a = 24 inches = 0.167 P arts of a fquare 
foot. Here 8aq*/h = 8X0.167X6.128X2.45 = 20 gallons per 
fecond, 8a</h = 8X0.167X2.45 = 3.273 cubic feet in the fame 
time, and 8Vh = the uniform velocity acquired by a fall of 6. 
feet ; alfo haw — 6X0.167x62.5 = 62.6 for the weight of the 
column or force of impact on the wheel. 

I have been the more particular in making thefe calculations 
in order to afcertain the dimensions of the fteam-enginc for vari- 
ous purpofes ; on which account we muft again have recourfe 
to the parabola, and alfo to the inverted fyphon. 

To find the retarded velocity -and time of a/cent of water into an 
exhausted receiver , through a vertical pipe or tube, by the af- 
fistance of the parabola. Fig. 2. 

Let CBFG be an inverted fyphon, the diameter being every 
where equal, accompanied with a cock T, and the firft branch 
AE always kept full of water : it is certain that if all the reft 
of the fyphon be empty, and the cock be fuddenly opened, the 
water will immediately rufh into the tube of communication VX 
with a uniform velocity equal to that which a heavy body would 
acquire by falling from A to B, and will be continually diminish- 
ed in proportion as the fecond branch is filled. 

To (hew in what order this retardation of the water dimi- 
nishes its velocity at any point Q^of the tube GS, where it is 
fuppofed to be afcending towards yr, we muft defcribe on the 
lines AB, CD as an axis with the fame parameter, two equal 
parabolas CPH and BKI, fituated in oppofite directions. Com- 
plete the parallelogram AM, and draw as many lines LR as 

3 A you 
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you pleafc parallel to the horizontal line IG. Now if we take 
the ordinate AI, or its equal DH to exprefs the whole uniform 
velocity acquired by falling from C to D, it is evident that the 
ordinate OP will denote the velocity at the point O, acquired by 
a fall equal to CO, and the ordinate NK will exprefs the veloci- 
ty arifing from a fall equal to NB or QS. But we {hall prove 
that the velocity of the afcending water in the fecond branch, 
when it arrives at Q_» ought not to be exprefled by the ordinate 
which correfponds to it j but by the line LK, the difference be- 
tween the entire uniform velocity LN or MB (by falling from A 
to B) and that of NK. 

To demonflrate that the height Q§ or NB of the water in the 
tube SR, is equal to a fall which can produce the relative velo- 
city arifing from CD, or the difference between the velocities 
acquired by falling from A to B, and that of the afcending 
water at Qj let AB and QS be confidered as two non-elaftic 
bodies, whofe momenta are as the altitudes AB and QS. If 
AB = a and QS = r, we fliall have a = Vax*/a, and r = Vrx 
v/r ; but the difference of the momenta divided by the fum of 
the bodies is equal to the velocity, whi ch let b e v; there fore 

•«xV*-VrxVr dividedby -/<HVr= ^^^X^-Vr _. 

Va-\-*/r 
x/a—-/r=v = LK, the velocity of the water at Q^, and -/<*-— 
v = vV, which is the relative velocity produced by a fall equal 
to QS. As this velocity is exprefled by the ordinate NK, the 
difference between it and MB or LN will exprefs the retarded 
velocity of the water in the tube of communication DX, which 
is the fame as that of the furface OR at the point Q^ 

As it will be the fame with all tEe retarded velocities during 
the time employed in filling the tube GF, it follows that their 
fum will be exprefled by that of all the ordinates, or the area 
of the parabolic complement MIKB. 

Before the obfervations of Belidor on the inverted fyphon, in 
his theory relating to the common fucking pump, it was cuf- 
tomary to eftimate this fum by the area of the parabola DCPH 
or ABKI ; for the velocity at Q was exprefled by the fquare root 
of CO, inftead of the difference between the fquare roots of 
CD and QS. 

The parabolic complement MIKB, being but half of the pa- 
rabola ABKI, it is evident that the fum of all the retarded 

velocities 
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velocities in filling the fecond branch -will be no more than half 
the fum of the velocities on which we have been accuftomed to 
count ; from whence it follows that the branch FG will require 
twice the time to be filled as was formerly imagined. It follows 
alfo, that becaufe the complement MIKB, is but one-third of 
the parallelogram AIMB ; therefore the branch BF will be three 
times as long in filling as it would be with the uniform velocity 
exprefled by MB. And laftly it follows, that the fum of the 
velocities of water afcending from Q^to q t inftead of being ex- 
prefled by the area of the mixed quadrilateral PO op t ought to- 
be exprefled by the area of the quadrilateral KL Ik, which may 
be found in the following manner. 

Let AB= a, nB~b, NB=r and »N=f. Now the uniform 
velocities being as the ordinates, we fhall have Al=»/a, nk = 

>/b, NK=v'r, and let b—r= c, but -Sb— -*V=the feg- 

3 3 

ment « NK£, and c/a - the parallelogram LNn/j confequently 

eVa — — Vb — — Vr- the fpaceLKi/, or the fum of all the 

3 .. 3 

retarded velocities during the afcent from Q to q. 

To give an example in numbers, we will fuppofe 5=30, b a 24, 
r=20 and <r=4, then 8^ 3=43.82, 8^6=39.19, and 8vV=s 

35.78; hence 4X43«*«-— ^^><39- I 9~ ^^X35.;8= 175. 

3 3 

28 — 627.04 — 477.07= 25.31 ; but by the laws of accelerated 
motion, the fpaces defcribed are as the fquares of the times of 
defcription j wherefore 32 : i"» : : 25.31 : 0.79 and ^0.79 = 
0.89" = the time required for the water to afcend from Q^to q 
— 4 feet. 



DESCRIPTION of the STEAM-ENGINE, Fig. 3. 

A. The receiver, which may be made either of wood or iron. 
BBBBB. Wooden or caft-iron pipes for conveying the water 
to the receiver and from thence to the penftock. 

C. The penftock or ciftern. 

D. The water-wheel. 

3 A 2 E. The 
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E. The boiler, which may be either iron or copper. 

F. The hot-well for fupplying the boiler with water. 

GG. Two cifterns under the level of the water, in which the 

fmall bores BB, and the condenfer are contained. 
HHH. The furface of the water with which the fteam-engine 

and water-wheel are fupplied. 
aa. The fleam-pipe, through which the fleam is conveyed from 

the boiler to the receiver. 
b. The feeding-pipe for fupplying the boiler with hot water. 
ccccc. The condenfing apparatus. 
dd. The pipe which conveys the hot water from the condenfer 

to the hot-well. 
eee. Valves for admitting and excluding the water. 
ff. The injection pipe, and g the injection cock. 
h. The condenfer. 

It does not appear neceffary to fay any thing here on the 
manner in which this machine performs its operations without 
manual affiflance, as the method of opening the cocks by which 
the fleam is admitted into the receiver and condenfed, has been 
already well defcribed by feveral writers. But it will be neceffary 
to remark that the receiver, penflock, and all the pipes, muffc 
be previoufly filled before any water can be delivered on the 
wheel, and when the fleam in the boiler has acquired a fuffi- 
cient flrength, the valve at c is opened and the fleam immediate- 
ly rufhes from the boiler at E into the receiver A, the water 
defcends through the tubes A and B, and afcends through the 
valve e and the other pipe or tube B into the penflock C. This 
part of the operation being performed and the valve c (hut, that 
at a is fuddenly opened, through which the fleam rufhes down 
the condenfing pipe c, and in its paffage meets with a jet of cold 
water from the injection cock g by which it is condenfed. A 
vacuum being made by this means in the receiver, the water is 
driven up to fill it a fecond time through the valves ee by the 
preffure of the external air, when the fleam-valve at c is again 
opened and the operation repeated for any length of time the 
machine is required to work. 

There are many advantages which a fteam-engine on this 
conflrudtion poffeffes beyond any thing of the kind hitherto in- 
Tented ; a few of which I {hall beg leave to enumerate.. 

u It 



GRIST and SAW-MILLS. 



357 



i. It is fubject to little or no friction. 

2. It may be erected at a fmall expenGe when compared with 
any other fort of fleam-engine. 

3. It has every advantage which may be attributed to Bolton 
and Watt's engines, by condenfing out of the receiver, either 
in the penflock or at the level of the water. 

4. Another very great advantage is, that the water in the 
upper part of the pipe adjoining the receiver, acquires a heat 
by its being in frequent contact with the fleam, very nearly equal 
to that of boiling water ; hence the receiver is always kept uni- 
formly hot as in the cafe of Bolton and Watt's engines. 

5. A very fmall flream of water is fufficient to fupply this 
engine, (even where there is no fall) for all th« water raifed by 
it is returned into the refervoir HHH. 

From the foregoing reafons it manifeflly appears that no kind 
of fleam-engine is fo well adapted to give rotatory motion to 
machinery of every kind as this. Its form is fimple, and the 
materials of which it is compofed are cheap ; the power is more 
than equal to any other machine of the kind, becaufe there is 
no deduction to be made for friction, except on account of 
turning the cocks which is but trifling. 

Its great utility is therefore evident in fupplying water for every 
kind of work performed by a water-wheel, fuch as grift-mills, 
faw-mills, blaft-furnaces, forges, &c. 

Dimensions of the Steam-Engine for working an over/hot wheel, 
accompanied with fuch calculations as are neceffary for afcer- 
taining the Jizes of its different parts, when applied to various 
purpofes. 

The quantity of water which this machine is intended to 
raife into the receiver in a given time, cannot be afcertained 
until fome flandard be fixed on for the height of the furface of 
the water in the receiver above that in the refervoir HHH, which 
when known, we fhall be enabled to calculate the diameters of 
the receiver and pipes with certainty. 

Writers on the fubject of hydraulies generally allow that a 
column of water 34 feet high is equal to the prenure of the at- 
mofphere when the mercury in the barometer flands at 29.5 inches. 
Now if we admit that the water will afcend into an exhaufled 

receiver 
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receiver to the height of 30 feet only inftead of 34 feet, we fhall 
by this means allow about 4 feet for the imperfection of the va- 
cuum, or nearly one-eighth part of the whole power of the ma- 
chine, if the fleam in the receiver could be perfe&ly condenfed. 
Let therefore the higheft elevation of the water in the receiver 
be 24 feet above the furface of the water in the refervoir, and 
if the bottom of the receiver and the upper part of the ciftern 
or penftock be each 20 feet above the fame level, the diameter 
of the water-wheel may be eafily afcertained when the depth of 
the penftock or head of water is given. 

Now as the velocity of the water is continually retarded dur- 
ing the time employed to fill the receiver, we muft again have re- 
courfe to the inverted fyphon (Fig. 2.) in order to determine 
the time in which it may be filled and emptied, which when af- 
certained, we (hall be enabled to calculate the number of ftrokes 
the machine may make in a minute, and confequently the quan- 
tity of water it will deliver on any overfhot water-wheel in a given 
time. 

The example on page 355 was purpofely intended tofhewthc 
time neceffary for filling the receiver according to the above dimen- 
sions, where 0=30, £=24, r=2o and <r=4feet ; whence it ap- 
pears that it may be filled in o'.8o, to an height of 4 feet above 
its bottom, or 24 feet above the level of HHH. 

The common fteam-engine invented by Newcomen and Caw- 
ley, when it works to the beft advantage, requires the fteam to 
be made about one-tenth ftronger than the furrounding air ; but 
that this receiver may be emptied with fufficient difpatch, it will 
be neceffary to increafe the elafticity of the fteam at leaft one- 
fourth part beyond what is produced from the ufual heat of 
boiling water. Admitting therefore that a column of Water 34 
feet in height be in equilibrio with the preffure of the atmof- 

phere, we have £1=8.5 ^ ect » which added to 24, the higheft 

elevation of the water above the furface of that in the refervoir, 
gives 32.5 for the fpace AB. Fig. 2. There being now but a 
column of 24 feet inftead of 30 as before, preffmg againft a 
counteracting column of 20 feet, the defcent of the water in 
the receiver will be confiderably flower than its afcent, during 
the time occupied in filling it to an height of 4 feet above its 

bottom ; 
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bottom ; but we have fuppofed the increafed elafticity of the 
fleam to be equal to a column of water 8.5 feet high, which 
being added to 4 feet, the difference between the two columns, 
makes «B in this cafe = 12.5 feet, Am = 8.5 feet, «N= 4 feet, 
and NB = 4.5 feet. By thefe meafurements the parallelogram 
N»/L will be found = 1 13.1368, the parabola BnkB — 132. 1648, 
and the parabota BNKB- 50.91 18 ; hence BnkB — BNKB = 
N»£K = 81.253} but 1 13.1368— 81.253 =31.8838 =KklL, 

and >/— — — — o".99 or 1'= the time required to empty the 

3 2 
receiver, when filled with 4 feet of water ; and as it appears 

that it may be filled in o".89 or o".9 of a fecond, it is therefore 
evident that this machine may make 30 ftrokes in a minute, fup- 
pofing the pipes and receiver were all of the fame diameter ; but 
it is not neceffary that it mould exceed 1 o ftrokes per minute, 
and confequently the pipes which convey the water to and from 
the receiver, need not be more than one-third part of its area, 
and on no occafion to exceed one half. 

It has been fuppofed, in what we have faid concerning the 
fteam-engine, that the upper part of the penftock is on the fame 
level with the bottom of the receiver, or 20 feet above the 
level of the water in the refervoir, and admitting the penftock to 
be 4 feet in depth, (inftead of 22 inches, fee page 350) there will 
be a fpace equal to 16 feet left for the diameter of the wheel ; 
but that its motion may not be interrupted by wading through 
the water in the refervoir, we have here fuppofed the diameter 
to be no more than 15 feet. Now, if each revolution of the 
wheel be performed in the time this machine makes one ftroke, 
the circumference muft move with a velocity equal to 7.854 feet 
in each fecond of time, admitting the fteam-engine works at the 
rate of 1 o ftrokes in a minute. 

Previous to determining the capacity of the receiver, it will 
not be improper to bring into one point of view, what has al- 
ready been faid on the fubjeft of Beydler's grift-mill and Key- 
ger's faw-mill. 

Beydler's grift-mill with one pair of ftones, where h — 1.77 
and a =0.3 1 25. 

2>aq</h = 20.38 in one fecond, and SaqtVh =122.28 gallons, 

t being 
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t being 6 feeonds. 80^ = 3.325 cubic feet and 8 -J h= 10.64 
feet, the uniform velocity in one fecond ; alfo haw — 34.57 lbs. 
the force of impact on the wheel. 

For two pair of ftones, h being = 1.75 and a = 0.417. 
%aq V h— 27 gallons in 1" and 8aqt -J h= 162 gallons in 6 feeonds. 
8a Vh= 4.4 cubic feet, 8 J h— 10.584 and haw — 46.5 pounds. 

Keyger's faw-mill with a 4 feet head =h and a — 0.0833. 
8aq-i h — 8.2 and 8aqtV ^=49.2 gallons in 6 feeonds. 
8aV h = i.$2 cubic feet, 8 V h= 16 feet the uniform velocity in 1"; 
alfo haw = 20.8 lbs. the force of impact. 

The fame mill with a 6 feet head = h and a = o. 1 6y. 
Saq^/h = 20, %aqt ^/h^ 120, 80^^ = 3.273, 8 ^/h = 19.6 
and haw = 62.6 pounds. 

If it be intended that the receiver fliall contain 122.28 gallons 
for one pair of ftones, and 1 62 gallons for two pair, we fliall 
find that the former number is equal to a cylinder 4 feet high by 
30 inches diameter, and that latter number is equal to one of 
the fame height by 3 feet diameter ; but to find the area of the 
gateway in the penftock, adapted to the fteam-engine, which is 
4 feet deep inftead of 22 inches, we muft find an area x for the 
aperture, which fliall difcliarge as much water in a given time, 
(which we will fuppofe to be 6 feeonds) as flows through the 
"ateway of Beydler's mill in the fame time ; making therefore 
H = the head of water at the fteam-engine, and h = that of 
the grift-mill ; alfo a = the gateway as before, we have x^/H. 

= a*/h, and x ==■ f^— - = 0.2078 for one pair of ftones, and 

0.2758 for two pair. Now llxn being to haw nearly in the 
ratio of 3 to 2 for the difference of the forces of impaft, we 
may fafely conclude that receivers of the above dimenfions will 
be amply fufficient for fupplying the water-wheel with a power 
as much fuperior to Beydler's mill, as the difference between the 
forces of impact will amount to. 

With refpect to Keyger's faw-mill we fliall only remark, that 
as the quantity of water pafling over the wheel with a 6 feet 
head, is fo nearly equal to that which Beydler's mill requires for 
one pair of ftones, that a receiver of equal dimenfions will be 
found fufficiently large, the penftock of the fteam-engine being 
alfo 6 feet deep. 

It 
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It will not be neceflary that in any cafe the boiler fliould con- 
tain more than 6 times as much as the receiver ; hence we have 
for Beydler's mill with one pair of ftones, and Keyger's faw-mill 
with 6 feet head, a receiver =» 4 feet by 2.5 diameter = to 
122.28 gallons, which multiplied by 6 = about 734 gallons for 
the contents of the boiler. The receiver for the fame grift, 
mill = 4 feet by 3 feet = 162 gallons, and the boiler = 972 
gallons. 

In order to prevent the water, whilft the receiver is filling, 
from ftriking againft its top, it will be neceflary that one foot at 
leaft be added to its height ; fo that inftead of being 4 feet high 
as we have hitherto fuppofed, it fhouldbe at leaft 5 feet. 
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